This paper investigates the mean return and volatility spillover effects from the U.S. and Japan to four Asian stock markets, including Hong Kong, Singapore, Taiwan, and Thailand. The empirical results from examining the data for the period of 1984 to 1991 suggest that the U.S. market is more influential than the Japanese market in transmitting returns and volatilities to the four Asian markets. In addition, the observed spillover effects are unstable over time in the sense that the spillovers increase substantially after the October 1987 stock market crash. Furthermore, the evidence indicates that while the cross-country stock investing hypothesis cannot by itself explain the international transmissions of return and volatility, the market contagion also plays an important role in the transmission mechanism.
I. Introduction
Interests in the integration of international financial markets have generated a considerable amount of work in this area. Studies such as Hilliard (1979) , Errunza and Losq (1985) , and Malliaris and Urrutia (1992) focus on the degree of interdependence and causality among national stock markets. While many studies find low correlations among national stock index returns, results from recent studies (e.g., Eun and Shim [1989] and Arshanapalli and Doukas [1993] ) seem to indicate that the interdependence between international stock markets has increased, particularly after the October 1987 stock market crash.
1. For example, Chinn and Frankel (1995) document that both the U.S. and Japan have an influence on real interest rates around the Pacific Rim. Bailey (1990) examines the effect of U.S. money supply surprises on Pacific Rim stock markets. His result shows that the stock indexes of countries with relatively few barriers to investment flows exhibit stronger reactions to U.S. money shocks than those countries with significant capital flow controls.
2. Ng, Chang, and Chou (1991) and Wei et al. (1995) have included several Pacific-Basin markets in their studies. However, Ng, Chang, and Chou use daily data from January 1985 to December 1987 and Wei et al. employ about one year's intra-daily data over the period August 1991 to December 1992. Our study covers a longer sample period from January 1984 to December 1991, than both studies.
Since the information transmission between markets might be related through not only mean returns but also volatility (e.g., Tauchen and Pitts [1983] and Ross [1989] ), recent research efforts (e.g., Hamao, Masulis, and Ng [1990] , King and Wadhwani [1990] , Hamao, Masulis, and Ng [1991] , Ng, Chang, and Chou [1991] , Cheung and Ng [1992] , Theodossiou and Lee [1993] , and Susmel and Engle [1994] ) have a focus on examining the volatility transmission in addition to the mean spillover effect. The findings from previous studies can be generally summarized as: (1) volatility of stock returns is time-varying; (2) significant mean and volatility spillovers are found from the U.S. market to other national stock markets; and (3) structures of information transmission seem to have changed since the 1987 stock market crash.
The purpose of this study is to explore stock return and volatility spillover effects from the U.S. and Japanese markets to four Asian emerging stock markets, including Hong Kong, Singapore, Taiwan, and Thailand. All the four emerging stock markets included in the study have the U.S. and Japan as one of their major trading partners. As a result, it is expected that there is a fairly high degrees of economic integration between the U.S., Japan, and these Asian markets.
1 In addition, since the five Pacific-Basin markets have different degree of market openness in terms of restrictions on foreign ownerships and capital flow controls (see Rhee and Chang [1993] for a detailed survey), a comparison between these Asian markets allows us to examine whether the openness of a financial market impacts spillover effects.
The paper is primarily motivated by several reasons. First, most studies that examine the mean and volatility spillover effects across international stock markets focus mainly on markets in the U.S., Japan, and Europe, with little attention paid to emerging markets.
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The four emerging Asian markets included in the study have enjoyed remarkably rapid economic growth in the past decade and are gaining increasing influence in the world capital markets. Thus, the linkages of these emerging markets with other markets deserve closer attention. Second, since a number of studies (e.g., Brady [1988] , Hamao, Masulis, and Ng [1991] , Cheung and Ng [1992] , and Arshanapalli and Doukas [1993] ) have documented that international stock market interactions change 3. The Taiwanese market was opened to foreigners on January 1, 1991, though foreign investors must meet high requirements such as a limitation in total cash inflows and a 10% limit on aggregate foreign ownership. In Thailand, the Securities Exchange of Thailand inaugurated its Alien Board in September 9, 1987, to facilitate foreigners' trading in the Thai market. See Bailey and Jagtiani (1994) and Harvey (1994) , respectively, for a summary of restrictions on foreign equity investments in the Thai and Taiwanese markets.
after the October 1987 crash, the inclusion of a longer sample period permits us to investigate the impact of some turbulence in world equity markets on the degree of interactions. Specifically, we intend to examine one possible reason for the change in the international transmission of stock returns and volatility, i.e., market contagion. Such a market contagion effect (see King and Wadhwani [1990] ) suggests that stock prices in one country may be affected by the changes in another country beyond what is conceivable by connections through economic fundamentals. In other words, price movements driven by speculative and noise trading may move across borders. Third, as the five Asian markets have a wide range of market openness and currency controls, a comparison between these markets would allow us to gauge the impact of currency controls and the openness of a market on the spillover effects. Particularly, Japan, Hong Kong, and Singapore have no currency control and nearly no restrictions on foreign ownerships, while Taiwan and Thailand have significant foreign exchange and stock ownership controls. It would be reasonable to imagine that a market with fewer restrictions would show greater influence from foreign markets. That is, we expect to observe a stronger spillover effect for Japan, Hong Kong, and Singapore than that for Taiwan and Thailand. Furthermore, the actions taken by both Taiwan and Thailand to open their market during our testing sample period permit us to further investigate whether the openness of a market facilitates the transmission of return and volatility among national stock markets.
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The remainder of the paper is organized as follows. Section II describes the empirical methods and the data. Section III reports the test results on mean and volatility spillover effects. Section IV concludes the paper.
II. Empirical Methods and Data

A. Empirical Methods
It is well-documented that the distribution of stock returns is characterized with higher peakedness and fat tails relative to a normal distribution. A number of distributions have been proposed and used to model stock returns. Among them, GARCH models proposed by Engle (1982) and Bollerslev (1986) are appealing because they can capture the fat-tailed nature of the distribution and presence of time-varying volatility. Empirical evidence has shown that GARCH models are useful in modeling the dynamic behavior of security returns, e.g., Bollerslev, Chou and Kroner (1992) for a survey. In this study, we employ a two-stage GARCH approach to examine the international transmission of stock return and volatility. In particular, in the first stage, we model each stock index return series through an ARMA(1)-GARCH(1,1)-in-mean model (or its variants) as follows: where r i,t is the daily return of stock index i at day t, DM i,j,t are dummy variables for Monday through Thursday for capturing the day-of-the-week effect in daily returns, and t is the residual (or unexpected return) which is normally distributed with mean zero and time-varying variance i,t . Each stock index return series is modeled as an ARMA(1,1) (or a MA (1)) model in the mean equation to adjust for possible serial correlation in the data. In the second stage, mean return and volatility spillover effects across markets are estimated by obtaining the standardized residual and its square in the fist stage and substituting them into the mean and volatility equations of other markets as follows:
(4)
where e t-1,US and e t,JP are the standardized residual series for the U.S. and 4. Because of the time differential between the U.S. and Western Pacific-Basin, a shock in the U.S. stock market during day t will not be reflected in the Pacific-Basin stock markets until day t+1. However, a change in the Pacific-Basin markets during day t will be reflected in the U.S. market the same day. Thus, the appropriate pairing is time t-1 for the U.S. and time t for the Pacific-Basin markets. Furthermore, as table 1 shows, the Japanese market closes earlier than the other Asian stock markets, except Taiwan. Therefore, the appropriate pairing is time t-1 for Japan and time t for Taiwan, and it is time t for Japan and time t for Hong Kong, Singapore, and Thailand.
5. The data for the two weeks (10/16/87-10/31/87) surrounding the October 1987 crash are excluded for two reasons: first, the exceptionally strong interdependence among international stock markets during this two-week period (see, for example, Malliaris and Urrutia (1992) ), and second, the missing data problem due to the market close in several exchange markets right after the crash (e.g., the Hong Kong stock market was closed from 10/20/87 to 10/25/87). Japanese markets, respectively, and are for capturing the mean return spillover effect from these two markets. 4 In order to examine the volatility spillover, the exogenous variables e 2 t -1,US and e 2 t,JP , the square of the standardized residual series, are included in the conditional volatility equation.
As Lin, Engle, and Ito (1994) are proxies for unobservable innovations, the estimated covariance matrix might not be consistent, though the coefficient estimates remain consistent. In this study, the standard errors are constructed following Newey and West (1987) so that they are robust to serial correlation and heteroskedasticity.
B. Data
Data employed in this study are daily closing stock market indices for the U.S.
(the Standard & Poor's 500 Index), Japan (the Tokyo Stock Price Index), Hong Kong (the Hang Seng Index), Singapore (the S.E.T. All Price Index), Taiwan (the Taiwan Market Index), and Thailand (the SET Index). The data were retrieved from the Pacific Basin Capital Markets Research Center (PACAP) of the University of Rhode Island, except for the S&P 500 index, which is from CRSP tapes. The sample period is from January 3, 1984, to December 30, 1991. In order to check if there is a structural change in the return and volatility spillover effects due to market contagion, we divide the full sample period into two sub-periods with the October 1987 crash as the cutoff point. The pre-crash period covers from January 3, 1984, through October 15, 1987, and the post-crash period is from November 2, 1987 to December 30, 1991.
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Daily stock return is computed as the natural logarithm of the price index relative. For missing data due to holidays in one market while other markets are open, the previous day's closing price is used. Japan and Taiwan have Saturday trading and hence we delete Saturday price data for these two countries. However, return on Monday for Japan and Taiwan is computed as ln(Monday closing price) -ln(Saturday closing price), and it is computed as ln(Monday closing price) -ln(Friday closing price) for other countries.
III. Empirical Results
A. Preliminary Analysis of the Data
Some summary statistics for the six stock index return series are given in table 2. The results show that all the mean daily returns decline after the 1987 crash, except for Singapore. In addition, all the stock markets become more volatile after the crash as evidenced from higher standard deviations. The high excess kurtosis in these markets suggests that their daily return series have a fat-tailed distribution. The Ljung-Box (LB) Q statistics for the raw returns are highly significant at the five-percent level for all the markets, indicating the presence of serial correlations. Furthermore, the Ljung-Box Q statistics for the squared returns are much larger than those of the raw returns, suggesting the presence of time-varying volatility. Thus, the preliminary analysis of the data suggests the use of a GARCH model in capturing the fat-tails and time-varying volatility found in these stock return series. ARMA(1,1)-GARCH(1,1) Note: Parentheses include the robust t-statistics. LB(k) is the Ljung-Box Q statistic for k order serial correlation, which distributes as a chi-square variate with k degree of freedom. *Statistically significant at the 5% level. The empirical model is: The estimation results of modeling each stock index return series as an ARMA(1,1)-GARCH(1,1)-in-mean process (or its variants) are provided in tables 3a and 3b, respectively, for the pre-and post-crash periods. The parameter estimates are obtained by maximizing the log-likelihood function of the model using the Berndt et al. (1974) algorithm.
6 Diagnostic tests for the 7. Since the Ljung-Box Q(12) statistic is significant for the pre-crash Thai return series, we have included additional AR terms in the mean equation in order to whiten the residual. The results for higher order ARMA models, however, do not improve; therefore, the ARMA(1,1) model is used in the following analyzes. appropriateness of the model are based on the Ljung-Box Q statistics for checking serial correlation in both normalized raw and squared residuals. The results show that a MA(1)-GARCH(1,1)-in-mean model, specified as in Equations 1 and 2, fits the data generally well, except for the pre-crash return series for Singapore, Taiwan, and Thailand, and the post-crash return series for Thailand. For these four return series, an additional AR term in the mean equation is needed to yield insignificant serial correlation in the residuals. In short, none of the Ljung-Box Q statistics in tables 3a and 3b are significant at the five-percent level, suggesting that the ARMA(1,1)-GARCH(1,1)-in-mean model has taken care of most of the fat-tails and time-varying volatility in the data.
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B. Mean and Volatility Spillover Effects
The mean return and volatility spillover effects are then examined from the U.S. and Japan to the other four stock markets of interest. Table 4 contains the estimates of the spillover effects for the pre-crash period. The results indicate that the conditional mean returns of all Asian stock markets, except Taiwan, are influenced by the U.S.; suggested by the significant t statistics of 1 . The results also show that the mean spillover effect from the U.S. market is positive for Japan, Hong Kong, and Singapore, while it is negative for Thailand. However, there are no significant mean spillover effects present from Japan to other Asian markets. Thus, the results seem to suggest that the influence is substantially greater from the U.S. to the Asian markets than that from the Japanese market. Nevertheless, we find that the impact of the U.S. return on the Asian markets, except Japan, becomes insignificant when the robust standard error is used.
For the volatility spillover effects, most of the coefficients are not significant at the five-percent level except for the cases of the U.S. to Hong Kong and Japan to Taiwan. However, there is no evidence of the volatility spillover effect from either the U.S. or Japan to the Asian markets when the robust standard errors are used.
It is interesting to note that there are no significant mean and volatility spillover effects from Japan to other Asian markets despite the existence of a geographical proximity. Nevertheless, the Japanese market's significant influence on Taiwan's conditional volatility might be partly due to the strong trade and geographical relations which exist between Japan and Taiwan. 8. Koutmos and Booth (1995) also document similar greater mean and volatility spillovers after the crash across the New York, Tokyo, and London stock markets.
In addition, while significant spillover effects are observed from the U.S. to the Asian markets, the absence of spillover effects from Japan to other Asian markets seems to suggest that the degree of the openness of a market is not significantly related to finding the spillover effects. Furthermore, such a possible irrelevance of the openness of a market is also evidenced from the existence of the volatility spillover effect from Japan to Taiwan but not from the U.S. to Taiwan--the country with the most severe restriction on cross-country equity investing among these capital markets.
In table 5, we investigate the mean and volatility spillover effects from the U.S. and Japan to the Asian markets after the crash. The empirical results show that when the usual standard errors are used, then the 1 coefficients for measuring the mean spillover effect from the U.S. are all statistically significant. These coefficients, except for Taiwan, remain significant even if the robust standard errors are used. The results also reveal a significant influence on conditional mean return from Japan to Hong Kong, Singapore, and Thailand, though the impact on the Thai market becomes insignificant when the robust standard error is used.
Table 5 also shows that the estimated coefficients for the volatility spillover effects from the U.S. and Japan onto the Asian markets, 1 and 2 respectively, are generally significant when the usual standard errors are used, whereas they are insignificant when the robust standard errors are used. The evidence of volatility spillover effects based on the usual standard errors seems to contrast with the finding of Hamao, Masulis, and Ng (1991) . The disagreement is likely due to differences in data as well as the time period covered.
It is noteworthy that the mean return and volatility spillovers from the U.S. and Japan to the Asian markets appear to have increased significantly after the crash.
8 For instance, in terms of the magnitude of the coefficient in mean spillovers, the U.S.'s influence on Japan, Hong Kong, Singapore, and Thailand has increased, respectively, from .1382, .1563, .0942, and .0264 (in absolute value term) before the crash to .1970, .2576, .2739, and .2499 after the crash. Moreover, all of these coefficient estimates calculated from the post-crash data are highly significant even when the robust standard errors are used. Similar stronger volatility spillovers from the U.S. and Japan to the four Asian markets after the crash are also observed, though the coefficient estimates are in general significant only when the usual standard errors are used. The stronger mean return and volatility spillover effects after the crash seem to suggest that the market contagion has a significant impact on the international transmission in stock returns and volatility.
9. Since the results of coefficient estimates and standard errors are qualitatively similar to those in table 5, only the relevant coefficient estimates are reported to save space. volatility spillovers due to the openness of the Taiwanese market on January 1, 1991 are: 1 = -.133, 2 = .064, 1 = .423, and 2 = -.311.
9 While the two coefficient estimates are insignificant, the two coefficient estimates are significant at the five-percent level when the usual standard errors are used. Therefore, it appears that the liberalization in the Taiwanese market has intensified the volatility spillover effect but not the mean return spillover.
IV. Conclusion
